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FOREWORD

One of the great challenges faced by the Nation’s water-resources scientists is
providing reliable water-quality information to guide the management and protection of
our water resources. That challenge is being addressed by Federal, State, Interstate, and
local water-resources agencies and by academic institutions. Many of these organizations
are collecting water-quality data for a host of purposes, including compliance with permits
and water-supply standards; development of remediation plans for specific contamination
problems; operational decisions on industrial, wastewater, or water-supply facilities; and
research to advance our understanding of water-quality processes. In fact, during the past
two decades, tens of billions of dollars have been spent on water-quality data-collection
programs. Unfortunately, the utility of these data for present and future regional and
national assessments is limited by such factors as the areal extent of the sampling network,
the frequency of sample collection, the varied collection and analytical procedures, and
the types of water-quality characteristics determined.

In order to address this deficiency, the Congress appropriated funds for the U.S.
Geological Survey, beginning in 1986, to test and refine concepts for a National
Water-Quality Assessment (NAWQA) Program that, if fully implemented, would:

1. Provide a nationally consistent description of water-quality conditions for a large

part of the Nation’s water resources;

2. Define long-term trends (or lack of trends) in water quality; and

3. Identify, describe, and explain, as possible, the major factors that affect

observed water-quality conditions and trends.

As presently envisioned, a full-scale NAWQA Program would be accomplished
through investigations of a large set of major river basins and aquifer systems that are
distributed throughout the Nation and that account for a large percentage of the Nation’s
population and freshwater use. Each investigation would be conducted by a small team
that is familiar with the river basin or aquifer system. Thus, the investigations would take
full advantage of the region-specific knowledge of persons in the areas under study.

Four surface-water projects and three ground-water projects are being conducted as
part of the pilot program to test and refine the assessment methods and to help determine
the need for and the feasibility of a full-scale program. An initial activity of each pilot
project is to compile, screen, and interpret available data to provide an initial description
of water-quality conditions and trends in the study area. The results of this analysis of
available data are presented in individual reports for each project.

The pilot studies depend heavily on cooperation and information from many
Federal, State, Interstate, and local agencies. The assistance and suggestions of all are

gratefully acknowledged. /

Philip Cohen
Chief Hydrologist

Foreword

I



CONTENTS

Foreword III
Executive Summary Bl
Description of the Study Unit Bl
Sources of Water-Quality Data B2
Analysis of Available Water-Quality Data B2
Regional Variations in Major-Ion Chemistry B2
Comparison of Selected Inorganic Constituents to Water-Quality
Standards B2
Organic Compounds B3
Introduction B4
Purpose and Scope B4
Acknowledgments BS
Description of the Study Unit BS
Location and Physiography BS
Population and Land Use B7
Hydrogeologic Setting B7
Water Use B10
Sources of Water-Quality Data B10
Association of Central Oklahoma Governments B10
Oklahoma State Department of Health B14
Oklahoma Water Resources Board B14
U.S. Department of Defense B14
U.S. Department of Energy B19
U.S. Geological Survey B19
Data From Other Sources B19
General Suitability of Data for Regional Water-Quality Assessment B19
Analysis of Available Ground-Water-Quality Data B24
Regional Variations in Major-Ion Chemistry B24
Methods of Map Construction B25
Shallow Zone B25
Alluvium and Terrace Deposits B25
El Reno Group B28
Hennessey Group B28
Garber Sandstone and Wellington Formation B28
Chase, Council Grove, and Admire Groups and Vanoss
Formation B28
Deep Zone B28
General Water-Quality Considerations B29
Spatial Distribution and Statistical Summaries of Selected Constituents B34
Construction of Maps B34
Treatment of Data for Contingency-Table Analysis B34
Description of Contingency-Table Analysis B35
Results B36
pH B36
Sulfate B36
Chloride B36
Fluoride B41
Dissolved Solids B41
Nitrate B44
Arsenic B48

Contents



Barium B48

Cadmium B48

Chromium B51

Copper BS51

Iron B51

Lead BS56

Manganese BS6

Mercury B59

Selenium B59

Silver B62

Zinc B62

Gross Alpha Particle Activity B62

Radium B65

Uranium B65

Organic Compounds B70
References Cited B73

FIGURES

1, 2. Maps showing:
1. Location of the Central Oklahoma aquifer and the study area BS
2. Geographic features of the study unit B6
Geologic map of central Oklahoma B8
4. Graph showing reported use of water from the Central Oklahoma aquifer,
1970-85 B10
5-7. Maps showing locations of:
5. Wells sampled by the Association of Central Oklahoma
Governments B15
6. Distribution systems sampled by the Oklahoma State Department
of Health Environmental Laboratory B16
7. Wells and distribution systems sampled by the Oklahoma State
Department of Health Radiochemistry Laboratory B17
8—11. Maps showing locations of wells sampled by the:
8. Oklahoma Water Resources Board B18
9. U.S. Department of Defense B20
10. U.S. Department of Energy B21
11. U.S. Geological Survey B22
12, 13. Maps showing major-ion chemistry in the:
12. Shallow zone of the study unit B26
13. Deep zone of the study unit B27
14. Map showing locations of wells where field pH was measured B37
15-18. Maps showing locations of wells and distribution systems where:
15. Sulfate was measured B39
16. Chloride was measured B40
17. Fluoride was measured B42
18. Dissolved solids were measured B43
19. Map showing locations of wells where nitrate was measured B45
20-35. Maps showing locations of wells and distribution systems where:
20. Nitrite plus nitrate was measured B46
21. Arsenic was measured B49
22. Barium was measured B50
23. Cadmium was measured B52
24. Chromium was measured BS3
25. Copper was measured BS54

w

Contents



26. Iron was measured BSS

27. Lead was measured BS57

28. Manganese was measured BS58

29. Mercury was measured B60

30. Selenium was measured B61

31. Silver was measured B63

32. Zinc was measured B64

33. Residual-alpha-radioactivity data were available B66

34. Radium-226 was measured B67

35. Uranium was measured or uranium concentration could be
inferred B69

36. Map showing locations of wells where organic compounds were analyzed for

the Tinker Air Force Base study B72

TABLES

1.

2.

5-19.

20.

21.

Correlation of major chronostratigraphic units, geologic units, and
geohydrologic categories in central Oklahoma B9
Number of analyses and number of sites sampled for each chemical constituent
from Federal, State, and local sources of chemical data B11
Summary statistics for each chemical constituent using all sources of data
(except the Department of Defense) B30
Water-quality standards, number of wells and distribution systems that were
sampled, and number of wells and distribution systems that exceeded the
water-quality standard for each constituent B33
Contingency tables of:
5. Field pH values less than 6.5, by geohydrologic category B38
6. Field pH values greater than 8.5, by geohydrologic category B38
7. Sulfate concentrations, by geohydrologic category B38
8. Chloride concentrations, by geohydrologic category B41
9. Dissolved-solids concentrations, by geohydrologic category B41
10. Dissolved nitrate concentrations, by geohydrologic category B47
11. Nitrite plus nitrate concentrations, by geohydrologic category B47
12. Combined nitrate parameters, by geohydrologic category B47
13. Arsenic concentrations, by geohydrologic category B48
14. Chromium concentrations, by geohydrologic category B56
15. Iron concentrations, by geohydrologic category BS6
16. Manganese concentrations, by geohydrologic category B59
17. Selenium concentrations, by geohydrologic category B62
18. Residual-alpha radioactivity, by geohydrologic category B65
19. Uranium concentrations, by geohydrologic category B68
Organic compounds for which maximum contaminant levels (set by the U.S.
Environmental Protection Agency), Oklahoma water-quality criteria for public
water-supply systems, or Oklahoma water-quality criteria for ground water
have been established B71
Organic compounds detected in the Tinker Air Force Base study, number of
wells sampled, number of samples analyzed, and number of wells with
analyses that exceeded the detection levels, maximum contaminant levels, and
Oklahoma water-quality criteria for ground water B73

Contents

Vil



Vil

Contents

METRIC CONVERSION FACTORS AND VERTICAL DATUM

For readers who wish to convert measurements from the inch-pound system of units to the metric system
of units, the conversion factors are listed below:

Multiply inch-pound units By To obtain metric unit
acre-foot (acre-ft) 1,233 cubic meter (m®)
foot (ft) 0.3048 meter (m)
foot per mile (ft/mi) 0.1894 meters per kilometer (m/km)
gallon per minute (gal/min) 0.06308 liter per second (L/s)
inch (in) 25.40 millimeter (mm)
mile (mi) 1.609 kilometer (km)
square mile (mi?) 2.590 square kilometer (km?)

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows:

°F=1.8°C+32

Other abbreviations used in this paper are as follows:

meq/L milliequivalent per liter
mg/L milligrams per liter
wng/L micrograms per liter
pm micrometer

pCi/L
MCL
SMCL

picocuries per liter
maximum contaminant level
secondary maximum contaminant level

Sea Level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the United States
and Canada, formerly called Sea Level Datum of 1929.



Ground-Water-Quality Assessment of the Central
Oklahoma Aquifer, Oklahoma—Analysis of Available
Water-Quality Data Through 1987

By David L. Parkhurst, Scott C. Christenson, and Jamie L. Schlottmann

EXECUTIVE SUMMARY

Since 1986, the Congress annually has appropriated
funds for the U.S. Geological Survey to test and refine
concepts for a National Water-Quality Assessment
(NAWQA) Program. The long-term goals of a full-scale
program would be to
1. Provide a nationally consistent description of current
water-quality conditions for a large part of the Nation’s
surface- and ground-water resources;

2. Define long-term trends (or lack of trends) in water
quality; and

3. Identify, describe, and explain, as possible, the major
factors that affect the observed water-quality conditions
and trends.

The results of the NAWQA Program will be made
available to water managers, policy makers, and the public,
and will provide an improved scientific basis for evaluating
the effectiveness of water-quality-management programs.

At present (1988), the assessment program is in a
pilot phase in seven project areas throughout the country
that represent diverse hydrologic environments and water-
quality conditions. The Central Oklahoma aquifer project is
one of three pilot ground-water projects. One of the initial
activities undertaken by each pilot project was to compile,
screen, and interpret the large amount of water-quality data
available within each study unit.

The purpose of this paper is to report on the assess-
ment of the water quality of the Central Oklahoma aquifer
using the information available through 1987. The scope of
the work included compiling data from Federal, State, and
local agencies; evaluating the suitability of the information
for conducting a regional water-quality assessment; map-
ping regional variations in major-ion chemistry; calculating
summary statistics of the available water-quality data;
producing maps to show the location and number of
samples that exceeded water-quality standards; and per-
forming contingency-table analyses to determine the rela-

tion of geologic unit and depth to the occurrence of
chemical constituents that exceed water-quality standards.
This paper provides an initial description of water-quality
conditions in the Central Oklahoma aquifer study unit. No
attempt was made to determine the causes of regional
variations in major-ion chemistry or to examine the reasons
some chemical constituents exceed water-quality standards.

Description of the Study Unit

The Central Oklahoma aquifer underlies about 3,000
square miles of central Oklahoma and is used extensively
for municipal, industrial, commercial, and domestic water
supplies. Between 1970 and 1985, the quantity of ground
water withdrawn from the Central Oklahoma aquifer
approximately doubled. While uses for other than public
supply were approximately constant, water use for public
supply tripled, from about 10,000 acre-feet during 1970 to
about 30,000 acre-feet during 1985.

The Central Oklahoma aquifer underlies all or parts
of Cleveland, Lincoln, Logan, Oklahoma, Payne, and
Pottawatomie Counties. Much of the population resides in
the major cities in the central part of the study unit,
including Oklahoma City, Norman, Midwest City,
Edmond, and Moore. Although about one-third of the study
unit is urban and suburban, the dominant land use is
agriculture and there are large areas of deciduous forest.

The Central Oklahoma aquifer consists of those
geologic units that yield substantial volumes of water to
wells from the extensive, continuous flow system underly-
ing Cleveland, Lincoln, Logan, Oklahoma, Payne, and
Pottawatomie Counties. Ground water in this flow system
originates as recharge from precipitation on the aquifer and
circulates in the Quaternary-age alluvium and terrace depos-
its along major streams; the Permian-age Garber Sandstone
and Wellington Formation; and the Permian-age Chase,
Council Grove, and Admire Groups (undifferentiated in this
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report). The El Reno and Hennessey Groups overlie the
aquifer in the western part of the study unit, with the
Hennessey Group forming a confining unit. The Vanoss
Formation is a confining unit that underlies the aquifer and
crops out in the eastern part of the study unit.

Sources of Water-Quality Data

The majority of the water-quality data for the Central
Oklahoma aquifer study unit for this study was obtained
from six Federal, State, and local agencies: the Association
of Central Oklahoma Governments, the Oklahoma State
Department of Health, the Oklahoma Water Resources
Board, the U.S. Department of Defense, the U.S. Depart-
ment of Energy, and the U.S. Geological Survey. Some
additional chemical analyses were obtained from munici-
palities and consulting firms. A total of 4,439 analyses from
1,604 wells and 409 distribution systems was assembled for
this study. Maps presented in the paper show the sampling
locations for each agency. A table shows the number of
sites sampled and the number of chemical analyses provided
by each agency.

Analyses that could be associated with an individual
well were stored in the U.S. Geological Survey’s National
Water Information System (NWIS) data base. Data associ-
ated with water-distribution systems or site-specific con-
tamination studies were not entered in the NWIS data base.
Data that could not be associated with a known geographic
location were not considered.

The available chemical analyses of water from the
study unit are not ideal for conducting a water-quality
assessment. Each agency has sampled for different purposes
and, accordingly, has analyzed different constituents using
different sampling techniques and different analytical meth-
ods. The lack of consistency in sampling techniques and
analytical methods makes it difficult to combine data from
different agencies. Although wells sampled by some of the
agencies were evenly distributed areally, none of the data
were evenly distributed vertically. Except for the Depart-
ment of Defense data from wells near Tinker Air Force
Base, virtually no analyses for organic compounds in the
study unit are available.

Analysis of Available Water-Quality Data

The available data were used to determine regional
variations in major-ion chemistry for the shallow and deep
zones of the study unit; to calculate summary statistics for
each constituent for which data were available; to map and
tabulate the occurrence of constituents that exceed water-
quality standards; and to evaluate the relation of geologic
unit and depth to the occurrence of constituents that exceed
water-quality standards.

B2 National Water-Quality Assessment—Central Oklahoma Aquifer

Regional Variations in Major-lon Chemistry

Composition of water in shallow and deep zones of
the study unit was examined. There are distinct spatial
patterns in water composition in the shallow zone that are
related to geologic units. The water in the alluvium and
terrace deposits varies in chemical composition and may
contain large concentrations of any or all of the major ions:
sodium, calcium, magnesium, bicarbonate, chloride, or
sulfate. The predominant ions in water in the El Reno
Group and in the shallow part of the Garber Sandstone and
Wellington Formation generally are calcium, magnesium,
and bicarbonate. Water in the Hennessey, Chase, Council
Grove, and Admire Groups and in the Vanoss Formation
commonly contains large concentrations of sodium, sulfate,
and chloride in addition to calcium, magnesium, and
bicarbonate. Deep wells generally are completed in the
Garber Sandstone and Wellington Formation. Water from
these deep wells contains large concentrations of calcium,
magnesium, and bicarbonate or sodium and bicarbonate.
Large concentrations of sulfate and chloride are common in
some parts of the deep Garber Sandstone and Wellington
Formation. Sodium chloride brines are found below fresh-
water throughout the study unit.

Comparison of Selected Inorganic Constituents to
Water-Quality Standards

The U.S. Environmental Protection Agency has set
two types of drinking-water standards: the MCL (maximum
contaminant level), which is a primary standard for the
protection of human health, and the SMCL (secondary
maximum contaminant level), which is a recommended
standard based on aesthetic reasons related to public accep-
tance of drinking water. MCL’s or SMCL’s have been
established for 20 inorganic constituents considered in this
study.

Nitrate, arsenic, chromium, selenium, and residual-
alpha radioactivity (gross alpha particle activity, excluding
radon and uranium) concentrations exceeded the MCL’s in
some ground-water samples from the study unit. Sulfate,
chloride, manganese, and dissolved-solids concentrations
and pH values exceeded the SMCL’s in some ground-water
samples. Total iron concentrations exceeded the SMCL in
some ground-water samples, but dissolved iron concentra-
tions rarely exceeded the SMCL. Although no standard
currently (1988) exists for uranium, it is a potential concern
to health. Concentrations of uranium in ground water in the
study unit commonly exceeded 10 picocuries per liter or 15
micrograms per liter. The available analyses indicate that
concentrations of fluoride, barium, cadmium, copper, lead,
mercury, silver, zinc, and radium-226 rarely exceed the
MCL’s or SMCL’s in ground water from the study unit.

The following table was derived from the data that
were selected for contingency-table analysis, as described
below. The table shows the overall percentage of the



selected analyses that exceeded the water-quality standards.
Dissolved and total concentration data were combined for
the percentages shown in the table. Because the maximum
concentration was selected to represent a well or distribu-
tion system, the table shows the percentage of wells and
distribution systems that have had at least one analysis that
exceeded a standard for a constituent.

Percentage of

. Type of analyses that

Constituent stzgdard exceZ:ded the
standard

Nitrate ..........coviiiienna., MCL 8.6
ArSeniC. .....ooviineinnnnnnann. MCL 4.3
Chromium ..............ccvuvn... MCL 6.8
Selenium ...........0veiinnen... MCL 12.5
Residual-alpha radioactivity” ...... MCL 12.2
pHlessthan 6.5.................. SMCL 10.0
pH greater than 8.5............... SMCL 3.5
Sulfate .........ccoveieiiininn, SMCL 9.6
Chloride ..........covviiiiiait, SMCL 6.9
Dissolved solids.................. SMCL 37.9
Tron.....ooiviiiii i, SMCL 4.1
Manganese. ..........c.ooiinan... SMCL 5.3

! The term “residual-alpha radioactivity” is used for gross alpha
radioactivity excluding radon and uranium.

A contingency-table analysis was used to examine the
relation between geohydrologic categories and the occur-
rence of constituents at concentrations exceeding the water-
quality standards. The chemical analyses were grouped into
geohydrologic categories, which were defined by geologic
unit and, for the Garber Sandstone and Wellington Forma-
tion, by well depth or sampling depth. For a given geohy-
drologic category, if there were more than one analysis
from a well or distribution system for a constituent, the
maximum concentration was selected to represent that well
or distribution system in that geohydrologic category.
The contingency-table statistics indicate that the pro-
portion of analyses that exceeded the water-quality standard
was significantly different among geohydrologic categories
for most constituents. The following conclusions were
drawn from the available data and the contingency-table
statistics. The word “common” is used to describe situations
in which approximately 10 percent or more of the data
exceeded a water-quality standard.
® Ground-water concentrations of nitrate commonly exceed
the 10-milligrams-per-liter MCL in most parts of the
study unit, except at depths greater than 300 feet in the
Garber Sandstone and Wellington Formation.

® Ground-water concentrations of arsenic commonly
exceed the 50-micrograms-per-liter MCL at depths
greater than 300 feet in the Garber Sandstone and
Wellington Formation, but rarely exceed the MCL in the
rest of the study unit.

® Ground-water concentrations of chromium commonly
exceed the 50-micrograms-per-liter MCL at depths

greater than 300 feet in the Garber Sandstone and
Wellington Formation, but rarely exceed the MCL in the
rest of the study unit.

® Ground-water concentrations of selenium commonly
exceed the 10-micrograms-per-liter MCL at depths
greater than 100 feet in the Garber Sandstone and
Wellington Formation, but rarely exceed the MCL in
other parts of the study unit.

® No data were available for residual-alpha radioactivity for
many parts of the study unit. In the limited data that were
available, concentrations exceeded the MCL most fre-
quently in ground-water samples from the Chase, Council
Grove, and Admire Groups.

® Ground-water pH values commonly exceed 8.5, the
upper limit of the SMCL for pH, at depths greater than
300 feet in the Garber Sandstone and the Wellington
Formation and in the Vanoss Formation. Ground-water
pH values less than 6.5, the lower limit of the SMCL for
pH, commonly occur in most parts of the study unit
except at depths greater than 300 feet in the Garber
Sandstone and Wellington Formation.

® Ground-water concentrations of sulfate commonly exceed
the 250-milligrams-per-liter SMCL in most parts of the
study unit, and concentrations greater than the SMCL are
most common in ground water from the Hennessey
Group.

® Ground-water concentrations of chloride greater than the
250-milligrams-per-liter SMCL occur throughout the
study unit.

® Ground-water concentrations of dissolved solids greater
than the 500-milligrams-per-liter SMCL commonly occur
throughout the study unit.

® Concentrations of total iron greater than the 300-
micrograms-per-liter SMCL are common in water from
wells in the study unit, but concentrations of dissolved
iron rarely exceed the SMCL.

® Concentrations of manganese commonly exceed the
50-micrograms-per-liter SMCL in ground water from
alluvium and terrace deposits.

® Concentrations of uranium that exceed 10 picocuries per
liter or 15 micrograms per liter are common in most parts
of the study unit. Large concentrations of uranium occur
most frequently in the Hennessey Group; at depths greater
than 100 feet in the Garber Sandstone and Wellington
Formation; and in the Chase, Council Grove, and Admire
Groups.

Organic Compounds

The presence of synthetic organic compounds indi-
cates that some ground water has been contaminated at
Tinker Air Force Base. No data for organic compounds
were available for any part of the study unit other than the
area within and around Tinker Air Force Base. Therefore, at
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the present time (1988) it cannot be determined whether
contamination by organic compounds is a common problem
in the study unit.

INTRODUCTION

Beginning in 1986, the Congress annually has appro-
priated funds for the U.S. Geological Survey to test and
refine concepts for a National Water-Quality Assessment
(NAWQA) Program. The long-term goals of a full-scale
program would be to
1. Provide a nationally consistent description of current
water-quality conditions for a large part of the Nation’s
surface- and ground-water resources;

2. Define long-term trends (or lack of trends) in water
quality; and

3. Identify, describe, and explain, as possible, the major
factors that affect the observed water-quality conditions
and trends.

The results of the NAWQA Program will be made
available to water managers, policy makers, and the public,
and will provide an improved scientific basis for evaluating
the effectiveness of water-quality-management programs. A
description of the concepts for a NAWQA Program is
provided by Hirsch and others (1988).

The NAWQA Program is organized into study units
based on known hydrologic systems. For ground water, the
study units are large parts of aquifers or aquifer systems,
and for surface water, the study units are major river basins.
The study units are large, involving areas of a few thousand
to several tens of thousands of square miles.

At present (1988), the assessment program is in a
pilot phase in seven project areas throughout the country
that represent diverse hydrologic environments and water-
quality conditions. Pilot project areas focusing primarily on
ground water include the Carson basin in Nevada and
California, the Central Oklahoma aquifer in Oklahoma, and
the Delmarva Peninsula in Delaware, Maryland, and Vir-
ginia. Pilot project areas focusing primarily on surface
water include the Yakima River basin in Washington, the
lower Kansas River basin in Kansas and Nebraska, the
Kentucky River basin in Kentucky, and the upper Ilinois
River basin in Ilinois, Indiana, and Wisconsin.

Because the NAWQA Program is national in scope,
common approaches, methods, and reporting will be used
by the pilot projects. The national scope is critical to ensure
consistent and comparable information that can be inte-
grated and analyzed in a national context. Each project,
however, will be designed to investigate the water-quality
problems of the individual study unit. Thus, in the design
of the NAWQA Program, each project will consider
the unique geohydrologic conditions and land use in the
study unit.

B4  National Water-Quality Assessment—Central Oklahoma Aquifer

The Central Oklahoma aquifer was selected for study
in the pilot NAWQA Program because it is a major source
of water supplies in central Oklahoma and because it has
several known or suspected water-quality problems. These
problems include arsenic, chromium, and selenium concen-
trations in excess of public drinking-water standards; large
gross alpha particle activity concentrations; contamination
by synthetic organic compounds; and contamination by
oil-field brines and drilling fluids. The aquifer also was
chosen because it underlies large urban areas, and because
the effects of an urban environment on regional ground-
water quality have not been studied extensively.

The objectives of the Central Oklahoma aquifer
project are to (1) investigate regional ground-water quality
throughout the aquifer, emphasizing the occurrence and
distribution of potentially toxic substances in ground water,
including trace elements, organic compounds, and radioac-
tive constituents; (2) describe the relation of ground-water
quality to hydrogeologic and other pertinent factors; and
(3) provide a general description of the location, nature,
and causes of selected water-quality problems within the
study unit.

One of the initial activities undertaken by each pilot
project was to compile, screen, and interpret the large
amount of water-quality data available within each study
unit. These data had been collected by different agencies for
widely different purposes. This preliminary water-quality
assessment will help in establishing priorities and formulat-
ing plans for subsequent project field activities. This assess-
ment also will provide the foundation for detailed regional
assessments of ground-water quality within each study unit.

Purpose and Scope

The purpose of this paper is to report on the assess-
ment of water quality of the Central Oklahoma aquifer using
the information available through 1987. The scope of the
work included compiling data from Federal, State, and local
agencies, evaluating the suitability of the information for
conducting a regional water-quality assessment, mapping
regional variations in major-ion chemistry, calculating sum-
mary statistics of the available water-quality data, produc-
ing maps to show the location and number of samples that
exceeded water-quality standards, and performing
contingency-table analyses to determine the relation of
geologic unit and depth to the occurrence of chemical
constituents that exceed water-quality standards. The paper
provides an initial description of water-quality conditions in
the Central Oklahoma aquifer. No attempt was made to
determine the causes of regional variations in major-ion
chemistry or to examine the reasons some chemical constit-
uents exceed water-quality standards.















Table 1. Correlation of major chronostratigraphic units,
geologic units, and geohydrologic categories in central
Oklahoma

. Geohydrologic
Erathem| System Geologic unit category
Alluvium
Cenozoic| Quaternary Terrace deoar Alluvium-Terrace
El Reno Group El Reno
Hennessey Group Hennessey
Garber Sandstone Garber-Wellington
Shallow
Permian Medium-depth
Paleozoic Wellington Formation Deep
Chase Group
Council Grove Group | Chase-Admire
Admire Group
Pennsylvanian| Vanoss Formation Vanoss

vium is present along most of the perennial streams in the
study unit. The most extensive alluvial deposits are present
along the North Canadian and Canadian Rivers, where the
alluvium is as much as 3 mi (miles) wide. The alluvium
consists of lenticular beds of unconsolidated clay, silt, sand,
and gravel. The thickness of the alluvium ranges from O to
about 100 ft. Where the alluvium is thickest and contains
beds of gravel, wells yield as much as 700 gal/min (gallons
per minute) (Bingham and Moore, 1975).

Terrace deposits associated with streams in the study
unit are older alluvial deposits that are present where
erosion has deepened the stream valleys and left the terrace
deposits topographically above the present-day alluvium.
Terrace deposits along the Cimarron, North Canadian, and
Canadian Rivers are as much as 8 mi wide. Like the
alluvium, the terrace deposits consist of lenticular beds of
unconsolidated clay, silt, sand, and gravel. The thickness of
the terrace deposits in the study unit ranges from 0 to 100 ft.
Wells completed in the most productive terrace deposits
may yield up to 300 gal/min (Bingham and Moore, 1975).

Beneath the alluvium and terrace deposits are consol-
idated geologic units of Permian age. These strata generally
are red or reddish brown in color, and thus generally are
referred to as “red beds.” The regional dip is to the west at
about 50 ft/mi (feet per mile).

The youngest consolidated geologic unit in the study
unit is the El Reno Group. The El Reno Group consists of
red-brown fine-grained sandstone with some mudstone
conglomerates and shales. It generally yields sufficient
amounts of water for domestic and stock wells. The El Reno
Group is not considered part of the Central Oklahoma
aquifer because it is separated from the aquifer by the
Hennessey Group, which is a confining layer. The El Reno
Group is discussed in this report because some wells within
the study unit are completed in it.

Stratigraphically below the El Reno Group are rocks
of the Hennessey Group. The Hennessey Group is present

in the western one-third of the study unit, but it has been
removed by erosion in the eastern two-thirds. It consists of
reddish-brown shales and mudstones and a few thin beds of
very fine grained sandstone. Because the Hennessey Group
is composed mainly of shale and mudstone, it has small
transmissivity and, thus, is a confining layer. Even though
it has little transmissivity, a few small-yield wells, for
domestic and stock use, are completed in the Hennessey
Group. Because the Hennessey Group is a confining layer,
it is not considered part of the Central Oklahoma aquifer. It
is discussed in this report, however, because some wells
within the study unit are completed in it.

Stratigraphically below the Hennessey Group are the
Garber Sandstone and the Wellington Formation. In central
Oklahoma, the Garber Sandstone and the Wellington For-
mation have similar lithologies. Therefore, these two geo-
logic units are not differentiated in this report. These units
consist of lenticular beds of fine-grained, crossbedded
sandstone interbedded with siltstone and shale. The sand
grains are predominantly quartz, and the sandstone is
friable. In southeastern Oklahoma County, about 75 percent
of the total thickness of the sequence is sandstone. In all
directions from southeastern Oklahoma County, the per-
centage of sandstone decreases and the percentage of
siltstone and shale increases. For example, in southern
Cleveland County, only 25 percent of the total thickness is
sandstone (Wood and Burton, 1968). The Garber Sandstone
and Wellington Formation are at the surface in the central
part of the study unit, but they have been removed by
erosion in the east. Where a full section of the Garber
Sandstone and Wellington Formation is present, their com-
bined thickness ranges from 800 to 1,000 ft. Shallow wells
are completed in either the Garber Sandstone or Wellington
Formation, but wells having the largest yields are com-
pleted in both geologic units. A few wells completed in both
units yield as much as 600 gal/min, but because the
sandstone is fine grained, maximum well yields generally
range from 100 to 300 gal/min.

The Chase, Council Grove, and Admire Groups
(undifferentiated in this report) of Permian age consist of
beds of fine-grained, crossbedded sandstone, shale, and
thin limestone. In surface exposures in the eastern part of
the study unit, these groups appear to have similar litholo-
gies. East of their outcrop, these geologic units have been
removed by erosion. Where complete sections are present,
the combined thickness of these groups ranges from 300 to
600 ft. In the central part of the study unit, wells are
completed in the Wellington Formation and in one or more
of the underlying Chase, Council Grove, and Admire
Groups. East of the outcrop of the Wellington Formation,
wells that are completed only in the Chase, Council Grove,
and Admire Groups generally yield 10 to 50 gal/min, with
a few wells yielding as much as 100 gal/min. Bingham and
Moore (1975) referred to the Chase, Council Grove, and
Admire Groups as the “Oscar Group” and assigned it to the

Analysis of Available Water-Quality Data Through 1987 B9



Pennsylvanian System. Although data from Bingham and
Moore (1975) are cited frequently, the term “Oscar Group”
is not used in this report. A recently published correlation
chart by Lindberg (1987) refers to Bingham and Moore’s
Oscar Group as the Permian-age Chase, Council Grove, and
Admire Groups. This terminology follows the usage of the
U.S. Geological Survey and is used in this report.

The Vanoss Formation is the only Pennsylvanian-age
geologic unit in the study unit and is the oldest geologic unit
considered in this report. The Vanoss Formation underlies
the Chase, Council Grove, and Admire Groups and is found
along the eastern boundary of the study unit. The Vanoss
Formation consists mainly of shale and a few thin, fine-
grained sandstone beds. The Vanoss generally does not
yield substantial volumes of water to wells and is consid-
ered to be a confining layer. The Vanoss Formation is not
considered part of the Central Oklahoma aquifer, but it is
discussed in this report because some wells within the study
unit are completed in it.

Water Use

Reported water use from the Central Oklahoma aqui-
fer during 1985 was about 40,000 acre-ft (acre-feet) of
water (fig. 4). During 1985, about 73 percent of the
reported water use from the Central Oklahoma aquifer was
for public supplies (James Schuelein, Oklahoma Water
Resources Board, written commun., 1986). All the major
communities in central Oklahoma, except Oklahoma City,
rely either entirely on ground water from the Central
Oklahoma aquifer or on a mixture of ground-water and
surface-water supplies (Oklahoma City relies on surface
water for water supply). During 1985, the second largest
use of water from the Central Oklahoma aquifer was
industrial, which accounted for about 15 percent of the
total. Commercial water use and irrigation each accounted
for about 5 percent of the total water use during 1985. All
other uses combined accounted for less than 2 percent of
the total.

Between 1970 and 1985, the quantity of ground water
withdrawn from the Central Oklahoma aquifer approxi-
mately doubled. While uses for other than public supply
stayed approximately the same, water use for public supply
tripled, from about 10,000 acre-ft during 1970 to about
30,000 acre-ft during 1985.

SOURCES OF WATER-QUALITY DATA

Water-quality data for the Central Oklahoma aquifer
were available from six Federal, State, and local agencies:
the Association of Central Oklahoma Governments, the
Oklahoma State Department of Health, the Oklahoma
Water Resources Board, the U.S. Department of Defense,
the U.S. Department of Energy, and the U.S. Geological
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Figure 4. Reported use of water from the Central Oklahoma
aquifer, 1970-85.

Survey. Some additional chemical analyses were obtained
from municipalities and consulting firms. A total of 4,439
analyses from 1,604 wells and 409 distribution systems was
compiled for this report. Some wells were sampled by more
than one agency, and some individual wells from distribu-
tion systems also were sampled. Table 2 presents a sum-
mary of the data obtained from each agency; it shows the
number of analyses and the number of sites sampled for
each constituent.

Analyses that could be associated with an individual
well were stored in the U.S. Geological Survey’s National
Water Information System (NWIS) data base. Data associ-
ated with water-distribution systems were not entered in the
NWIS data base. Any data that could not be associated with
a known geographic location were not considered.

Association of Central Oklahoma Governments

The Association of Central Oklahoma Governments
is an association of municipalities in Canadian, Cleveland,
Logan, and Oklahoma Counties. Because many municipal-
ities in these counties rely on ground water from the Central
Oklahoma aquifer, these municipalities have recognized the
importance of collecting water-quality data. Therefore, the
association, in conjunction with the U.S. Environmental
Protection Agency, developed a research project “for the
protection, development, and management of the Garber-
Wellington Aquifer located in central Oklahoma” (Gates
and others, 1983). The municipalities that make up the
association operate public water systems and must comply
with laws concerning public supplies. The municipalities
must ensure that the water they distribute complies with
standards for each constituent set by the U.S. Environmental
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Protection Agency (table 4). Water-quality data collected
by the association generally include chemical constituents
that are regulated.

The association provided 582 analyses from 188
wells in Cleveland, Logan, and Oklahoma Counties (fig.
5). The analyses predominantly were for samples from
municipal wells. Some analyses were for samples from test
holes sampled at several depths during drilling. The con-
stituents analyzed included some major elements, selected
trace elements, and gross-alpha and gross-beta radioactiv-
ity. The samples were collected between 1979 and 1987 and
were analyzed by the Oklahoma State Department of
Health. The data, obtained on magnetic tape, were checked
against original laboratory sheets. Municipal well locations
were compiled by personnel from the NAWQA project, and
the latitude and longitude coordinates of the well locations
were used in storing the association’s data in the NWIS
data base.

Oklahoma State Department of Health

The Oklahoma State Department of Health has broad
authority stemming from its mandate to safeguard the health
of the State’s people. The Department of Health has
jurisdiction in any situation that could contaminate or has
contaminated a drinking-water source. The Department of
Health has approval and regulatory authority for all public
water supplies. Many of the water-quality data from the
Department of Health are from water samples taken from
public water-supply distribution systems. Within the
Department of Health, data are collected and analyzed by
both the Environmental Laboratory and the Radiochemistry
Laboratory.

The Department of Health Environmental Laboratory
supplied 1,658 analyses from 401 distribution systems (fig.
6) in Cleveland, Lincoln, Logan, Oklahoma, and Pottawat-
omie Counties. These numbers exclude (1) any distribution
system that derived all or part of its water from surface-
water sources, (2) any ground-water distribution system that
was designated as obtaining water from an aquifer other
than the Central Oklahoma aquifer, and (3) any distribution
system for which location information for the well field was
inadequate. In general, the analyses from the distribution
systems could not be identified with a single well and
therefore were not entered in the NWIS data base. The
samples, collected between 1978 and 1987, were analyzed
for inorganic constituents regulated by the U.S. Environ-
mental Protection Agency.

The Department of Health Radiochemistry Labora-
tory provided 374 analyses of radioactive constituents from
85 distribution systems in Cleveland, Lincoln, Logan,
Oklahoma, and Pottawatomie Counties (fig. 7). The Radio-
chemistry Laboratory provided an additional set of 25
analyses taken from individual wells in the same five
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counties. The distribution-system data were not entered in
the NWIS data base, but the 25 analyses from individual
wells were entered. The samples were collected between
1981 and 1987. Samples for radiochemical constituents
were screened by the Department of Health using gross-
alpha and gross-beta radioactivity analyses. If the gross-
alpha radioactivity exceeded 5 pCi/L (picocuries per liter),
then radium-226 was analyzed. If the gross-alpha radioac-
tivity (plus the standard deviation of the counting error)
exceeded 15 pCi/L, then uranium alpha radioactivity
was analyzed.

Oklahoma Water Resources Board

The Oklahoma Water Resources Board is required by
statute “to develop statewide and local plans to assure the
best and most effective use and control of water to meet
both the current and long range needs of the people of
Oklahoma; and to cooperate in such planning with any
public or private agency, entity, or person interested in
water, and [is] directed to prepare such plans for consider-
ation and approval by the Legislature” (Oklahoma Water
Resources Board, 1979). As part of this planning process,
the Groundwater Division of the board “is dedicated to
establishing standards for underground waters that will
preserve, protect and improve their quality and assure that
the waters will attain the beneficial uses described for them”
(Whitlow and Vance, 1986). Personnel from the Okahoma
Water Resources Board annually collect samples of ground
water to assist in the development of ground-water-quality
standards. The board provided 156 chemical analyses from
104 wells in the Central Oklahoma aquifer study unit (fig.
8). The samples were collected between 1983 and 1986 and
were analyzed by the Oklahoma State Department of Health
for major elements and several trace elements. These data,
obtained on magnetic tape, were checked against original
laboratory sheets. Latitude and longitude coordinates were
derived from the legal descriptions of sampling locations.
The data were entered in the NWIS data base.

U.S. Department of Defense

The U.S. Department of Defense has engaged fre-
quently in operations that deal with toxic and hazardous
materials. That agency has begun a program to “identify the
locations and contents of past toxic and hazardous material
disposal and spill sites and to eliminate the hazards to public
health in an environmentally responsible manner” (U.S.
Geological Survey, 1988). Under this program the U.S.
Army Corps of Engineers currently (1988) is conducting a
study at Tinker Air Force Base in central Oklahoma.

A total of 289 samples from 192 sites related to the
Tinker study was obtained through the U.S. Environmental
Protection Agency’s STORET (STOrage and RETrieval)













































encounter brine anywhere within the study unit. Large
concentrations of chloride and sulfate do occur in individual
wells throughout the study unit, but only those areas that
had several wells or distribution systems with similar water
compositions were delineated on the map.

General Water-Quality Considerations

In this section, summary statistics for the available
water-quality data are presented. The methods of calcula-
tion and the limitations of the results are discussed. A
summary of the number of wells and distribution systems
that exceeded water-quality standards also is presented.

Minimum values, selected percentiles, and maximum
values were obtained from the available data (except the
Department of Defense data for Tinker Air Force Base).
The most recent analysis for each constituent was used to
represent each distribution system and well. If analyses
were available from different sampling depths in a single
well, the most recent analysis for each constituent from
each sampling depth in the well was included in the
calculation of the statistics. By selecting the most recent
analysis, some of the bias caused by unequal numbers of
samples from individual wells and distribution systems was
eliminated. However, other biases are present in the data
that make it difficult to calculate summary statistics that are
representative of the entire study unit. Some of the remain-
ing sources of bias are (1) uneven areal distribution of
sampled wells, (2) uneven vertical distribution of sampled
wells, and (3) differences in sampling and analytical meth-
ods among the agencies that collected and analyzed water
samples. No corrections were made to the summary statis-
tics to account for these biases because of the difficulty of
determining appropriate corrections.

The data for many constituents include values that are
reported as less than a specified minimum-reporting level.
These values are called censored values. When data from
several laboratories and analytical methods are combined, it
is common to have several different minimum-reporting
levels. Percentiles below the largest minimum-reporting
level cannot be calculated accurately using standard meth-
ods. A procedure developed by Helsel and Cohn (1988) for
calculating percentiles in data with one or more minimum-
reporting levels was used to calculate percentiles for any
constituent that had censored values. The procedure used a
statistical model to calculate any percentiles that were less
than the largest minimum-reporting level. It was necessary
to eliminate some censored values that had very large
minimum-reporting levels relative to the rest of the data, for
these few values would have unduly affected the reliability
of the calculation of all the percentiles. Out of all the data
for all the chemical constituents, fewer than 25 censored
values were eliminated. In order to use the procedure, it
also was necessary to eliminate zero values. For those
constituents with censored values, data that were reported

as zero were set equal to the largest minimum-reporting
level. If no censored data were present for a constituent,
percentiles were calculated by standard methods. No per-
centiles were calculated if fewer than 20 analyses were
available for a constituent.

Table 3 lists the number of analyses, the largest
minimum-reporting level, the minimum value, selected
percentiles, and the maximum value for all the constituents
measured in the study unit. The table also lists the method
used to calculate the percentiles for each constituent.
Because of biases in the areal and vertical distribution of
samples, these statistics are only an approximate description
of the entire water resource.

Many of the minimum values in table 3 are reported
as less than the smallest minimum-reporting level for the
constituent in the data set. Many percentiles calculated by
the method of Helsel and Cohn (1988) are smaller than the
smallest minimum-reporting level. Many maximum values
greatly exceed the 95th percentile, and many of the maxi-
mum values are related to two samples from a single
municipal well. A leaky casing allowed brines to enter the
well, and this resulted in very large concentrations for many
of the constituents.

In terms of evaluating water quality, it is important to
consider the number of wells and distribution systems that
have exceeded water-quality standards. The water-quality
standards listed in table 4 are taken from the primary and
secondary drinking-water regulations of the U.S. Environ-
mental Protection Agency (U.S. Environmental Protection
Agency, 1986a, 1986b). The primary regulations set max-
imum contaminant levels (MCL’s) to protect public health.
The secondary regulations set secondary maximum contam-
inant levels (SMCL’s) for aesthetic reasons related to public
acceptance of drinking water. The regulations for MCL’s
and SMCL’s apply only to public water supplies and are not
enforceable for domestic and other types of wells. Even
though the regulations do not apply to all the wells
considered in this report, the MCL’s and SMCL’s define
the standards used for comparison purposes throughout
this report.

Table 4 lists the number of wells and distribution
systems that exceeded the water-quality standard for each
chemical constituent. The number of wells and distribution
systems that were sampled are listed also. Individual wells
are listed separately from distribution systems, and total
concentrations are listed separately from dissolved concen-
trations. Table 4 may show fewer wells than are indicated
in table 3 because some wells were sampled by more than
one agency.

The maximum value for each constituent for each
well and distribution system was used in the tabulation of
data for table 4. The minimum values of pH were also
tabulated. The maximum value was compared with the
water-quality standard to determine whether or not it
exceeded the standard. Each well and each distribution
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Table 4. Water-quality standards, number of wells and distribution systems that were sampled, and number of wells
and distribution systems that exceeded the water-quality standard for each constituent

[The columns showing the

ber of wells and distributi that

Aed

ude any well or distribution system with any analysis that exceeded the standard. The numbers

donot indicate the numberofwellscumtlymeedmgamndardnotdotheymdmtehoweonmcnﬂyapmblemhasoecumdata given well or distribution system. Constituents and physical

parameters: xS/cm, microsiemens per centimeter; mg/L, milligrams per liter; #g/L, micrograms per liter; pCi/L, picocuries per liter. Type of standard: MCL, maximum contaminant level,
SMCL, secondary maximum contaminant level]

Number of
‘Water- Number of wells distribution systems
Chemical Description quality Type of Exceeded Exceeded
constituent of analysis standard standard Sampled standard Sampled _standard
pH Field (Standard units) 65 SMCL 961 1o 0 0
pH Field (Standard units) 85 SMCL %1 37 0 0
Sulfate Dissolved (mg/L as SOs) 250 SMCL 1,180 117 122 5
Chloride Dissolved (mg/L as CI) 250 SMCL 711 50 124 3
Fluoride Total (mg/L as F) 4 MCL 104 0 124 1
Dissolved (mg/L as F) 4 MCL 170 0 0 0
Dissolved solids Residue at 180°C (mg/L) 500 SMCL 300 121 0 0
Residue at 105°C (mg/L) 500 SMCL 106 30 116 2
Nitrate Total (mg/L as N) 10 MCL 2 0 0 0
Dissolved (mg/L as N) 10 MCL 302 k) 0 0
Nitrite plus nitrate Total (mg/L as N) 10 MCL? 134 13 401 39
Dissolved (mg/L as N) 10 MCL2 3 5 0 0
Arsenic Total (ug/L as As) 50 MCL 183 27 118 7
Dissolved (pg/L as As) 50 MCL s11 0 0 0
Barium Total (pg/L as Ba) 1,000 MCL 96 1 118 5
Dissolved (pg/L as Ba) 1,000 MCL 507 7 0 0
Cadmium Total (pg/L as Cd) 10 MCL 97 0 12 0
Dissolved (pg/L as Cd) 10 MCL 7 1 0 0
Chromium Total (pg/L as Cr) 50 MCL 264 4 12 9
Dissolved (pg/L as Cr) 50 MCL 529 7 0 0
Copper Total recoverable(pg/L as Cu) 1,000 SMCL 97 2 120 2
Dissolved (pg/L as Cu) 1,000 SMCL 514 0 0 0
Iron Total (pg/L as Fe) 300 SMCL 168 21 12 24
Dissolved (pg/L as Fe) 300 SMCL 546 12 0 0
Lead Total (pg/L as Pb) 50 MCL 97 2 12 1
Dissolved (ug/L as Pb) 50 MCL 6 0 0 0
Manganese Total (g/L-as Mn) 50 SMCL 107 9 118 13
Dissolved (ug/L as Mn) 50 SMCL 529 2 0 0
Mercury Total recoverable (pg/L as Hg) 2 MCL 0 0 118 0
Dissolved (pg/L as Hg) 2 MCL 2 0 0 0
Selenium Total (ug/L as Se) 10 MCL 274 84 119 16
Dissolved (pg/L as Se) 10 MCL 527 1 0 0
Silver Total (pg/L as Ag) 50 MCL 0 0 118 0
Dissolved (pg/L as Ag) 50 MCL 507 0 0 0
Zinc Total (ug/L as Zn) 5,000 SMCL 97 0 120 1
Dissolved (pg/L as Zn) 5,000 SMCL 514 0 0 0
Residual-alpha
radioactivity Total (pCi/L) 15 mcL? 18 4 81 8
Radium-226 Total (pCi/L) 5 mcL? 15 0 61 0

Ninety-six is the number of samples that had pH vajues Jess than 6.5.

The MCL applics to nitrate; the nitrite plus nitrate analysis is used 25 an estimate of nitrate.

The MCL for gross 15 radoa and to the MCL for
prygst S nlphpnh;exlyu pGIL.eudud‘mg uranium alpha radioactivity. Residual-aipha radioactivity is directly comparable gross-alpha particie

ﬁummnsmmmmmm

system was weighted equally. The largest values (rather

than the most recent) were tabulated (table 4) in order

to include all occurrences of two types of water-quality
problems:

1. Some wells in the Central Oklahoma aquifer appear to
have intermittent water-quality problems, which may be
related to pumping history, and

2. Water-quality problems in distribution systems often
depend on the mixture of water from several wells.

Thus, problems may occur intermittently as the mixture
of water from different wells varies.

By selecting the largest value for each constituent,
intermittent problems of these types will be included in the
tabulated data. Thus, table 4 is a description of wells and
distribution systems that, at any time, exceeded a water-
quality standard. It is not a description of the number of
wells or distribution systems that currently exceed water-
quality standards.
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The data in table 4 show that nitrate, arsenic, chro-
mium, selenium, and residual-alpha radioactivity (gross
alpha particle activity excluding radon and uranium) con-
centrations exceeded the MCL’s in some ground-water
samples from the study unit. Concentrations of sulfate,
chloride, manganese, and dissolved solids and pH values
exceeded the SMCL’s in some ground-water samples.
Dissolved and total iron concentrations, discussed more
fully below, also exceeded the SMCL’s in some ground-
water samples.

Only mercury, silver, and radium-226 concentrations
were not reported to be larger than their respective MCL in
any ground-water samples. Fluoride, cadmium, copper,
lead, and zinc concentrations in ground water exceeded
their standards in samples from no more than two wells and
two distribution systems. Barium concentrations in ground
water exceeded the MCL in fewer than 2 percent of the
wells sampled and in just over 4 percent of the distribu-
tion systems.

Spatial Distribution and Statistical Summaries of
Selected Constituents

Thus far, the occurrence of chemical constituents that
exceeded water-quality standards has been discussed for the
study unit as a whole. This section presents a more detailed
examination of the relation of geologic unit and depth to the
occurrence of constituents that exceed water-quality stand-
ards. Large variations exist in major-ion chemistry related
to geologic unit, and similar variations are expected for
other chemical constituents. Maps were constructed to show
the location of samples that exceeded water-quality stand-
ards. Contingency tables were calculated to test for differ-
ences among geohydrologic categories in the proportion of
analyses that exceeded water-quality standards. Although
no regulations currently apply to uranium concentrations,
an MCL is under consideration, and large concentrations of
uranium are a potential problem in the study unit. Thus, a
discussion of the occurrence of large uranium concentra-
tions is included in this section.

Construction of Maps

For the following discussion, a map was produced for
each constituent listed in table 4 and for uranium. The map
for each constituent shows each sampling location (open or
closed symbol) and each location where a sample exceeded
the water-quality standard (closed symbol). Total-
concentration data are distinguished from dissolved-
concentration data, and samples from distribution systems
are plotted with a different symbol than samples from
individual wells. Some distribution systems may have only
one well, but single-well systems were treated the same as

multiwell systems. The maps make no distinction as to the
depth of the wells.

Treatment of Data for Contingency-Table Analysis

For the contingency-table analysis, the chemical data
were grouped into geohydrologic categories that were
defined by geologic unit and, for data from the Garber
Sandstone and Wellington Formation, by depth. Analyses
of samples from the alluvium and terrace deposits were
combined into one geohydrologic category (referred to as
the “alluvium-terrace” category) because the alluvium and
terrace deposits occur together in many places and are
geologically similar. Analyses of samples from the El Reno
Group and Hennessey Group were treated as separate
geohydrologic categories, referred to as the “El Reno” and
“Hennessey” categories, respectively. Analyses of samples
from the Garber Sandstone and Wellington Formation were
combined because these formations are lithologically simi-
lar. Analyses of samples from the Garber Sandstone and
Wellington Formation were divided into three geohydro-
logic categories on the basis of well depth or sampling depth
(if sampling depth was available)—shallow Garber-
Wellington category, depths less than 100 ft; medium-depth
Garber-Wellington category, depths 100 to 300 ft; and deep
Garber-Wellington category, depths greater than 300 ft.
Analyses of samples from the Chase, Council Grove, and
Admire Groups were included in a single geohydrologic
category, referred to as the ‘“Chase-Admire” category,
because these geologic units are lithologically similar.
Analyses of samples from the Vanoss Formation were
included in the geohydrologic category referred to as the
“Vanoss” category. The geohydrologic categories are listed
in relation to chronostratigraphic units in table 1.

The contingency-table analysis included data only
from wells and disiribution systems for which it was
possible to determine the geohydrologic category. For each
constituent, the chemical analysis with the maximum con-
centration was used to represent the well or distribution
system for the contingency-table analysis. Some wells in
the Garber Sandstone and Wellington Formation were
sampled at several depths as they were drilled. Thus, it was
possible for one well to be represented in each of the three
Garber-Wellington categories. In that case, the analyses
from the well were divided among the three categories, and
the maximum value for each constituent in each category
was included in the contingency-table analysis.

In general, fewer chemical analyses were used in the
contingency-table analysis than are shown in table 4
because data were excluded for all wells for which the
geohydrologic category could not be determined. The data
from distribution systems were used if all wells in the
system were within the same geohydrologic category. Data
from a distribution system were treated the same as data
from a single well.
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Description of Contingency-Table Analysis

A contingency-table analysis was used to test whether
the proportion of chemical analyses that exceeded water-
quality standards was different among the geohydrologic
categories. The contingency table presents a concise tabu-
lation of the available information in addition to testing a
hypothesis. (For a discussion of contingency tables, see
Iman and Conover, 1983, p. 291-322.)

The data for a given constituent were categorized as
either exceeding or not exceeding the water-quality standard
for that constituent. The contingency-table analysis was
used to test whether the proportion of analyses that
exceeded a water-quality standard is significantly different
among the geohydrologic categories. For a given constitu-
ent, the null hypothesis for the test was that the proportion
of analyses that exceeded the water-quality standard is the
same among the geohydrologic categories.

The test statistic for the hypothesis test is the overall
chi-square statistic, which is calculated from the observed
data. The larger the overall chi-square statistic, the more
likely that the null hypothesis should be rejected. In the
following discussion, the attained significance level (also
called p-value) for the overall chi-square statistic is used to
determine whether to accept or reject the null hypothesis.
The attained significance level is the probability of obtain-
ing an overall chi-square statistic greater than or equal to the
observed overall chi-square statistic if the null hypothesis is
true. Thus, a small attained significance level suggests that
the null hypothesis can be rejected. In the discussion, if the
attained significance level is less than 0.05, then the null
hypothesis is rejected. If the null hypothesis is rejected,
then the alternative hypothesis is accepted. For this
contingency-table analysis, the alternative hypothesis is that
the proportion of analyses that exceeded the water-quality
standard is significantly different among the geohydrologic
categories.

In addition to the attained significance level for the
overall chi-square statistic, the number of analyses in each
cell, the expected value for each cell, the cell chi-square
statistic, and the percentage of analyses that exceeded the
standard are presented for each geohydrologic category.
The expected value is calculated assuming the proportion of
analyses that exceeded the water-quality standard for each
geohydrologic category is the same as the overall proportion
of analyses that exceeded the water-quality standard. The
cell chi-square statistic is a measure of how much the
observed value deviates from the expected value. A large
cell chi-square statistic indicates a large deviation from the
expected value. The cell chi-square statistics are used in the
discussion to determine which geohydrologic categories are
most likely to be different from other geohydrologic cate-
gories. The overall chi-square statistic is the sum of the cell
chi-square statistics.

The chi-square approximation in the contingency-
table analysis is not applicable if there are many small

expected values for the cells. If most of the expected values
are greater than 1, the approximation may still be appropri-
ate, especially if the degrees of freedom are large. If some

_of the expected values are less than 0.5, the chi-square

contingency-table analysis probably should not be used
(Iman and Conover, 1983). In the contingency-table anal-
ysis of this report, if the expected value for a geohydrologic
category was less than 0.5, that geohydrologic category was
excluded from the analysis and the calculations were
repeated. For all tables presented in the text, the calcula-
tions made when a geohydrologic category was excluded
led to the same conclusions as the original calculations.
Therefore, the original tables are inciuded in the text to
present the most complete tabulation of the data. If several
expected values were less than 1.0, the contingency-table
analysis was not used. The smallest expected value is noted
for each table.

Data were not available for all geohydrologic cate-
gories for every constituent. Thus, some of the contingency
tables compare different sets of geohydrologic categories. If
no data were available for a geohydrologic category, the
number of sites is given as zero and no other statistics are
listed for that geohydrologic category.

Comparison of dissolved and total concentrations of
specific constituents is a recurring problem in the analysis
of the available data. It is not known whether the dissolved-
concentration data are significantly different from the total-
concentration data. Many of the water-quality constituents
of concern have a large set of analyses for dissolved and
total concentrations, but the water samples for these anal-
yses were collected and analyzed differently. It is assumed
that with good well construction, a well would produce little
suspended sediment and the difference between the dis-
solved and total concentrations would be small. However,
there are too few wells that have been sampled for both
dissolved and total concentrations to make a rigorous
comparison; therefore, there is little opportunity to test the
assumption that there is no difference between dissolved
and total concentrations. Most of the discussion in this
report has treated dissolved and total analyses separately. In
the contingency-table analysis, calculations were made for
dissolved and total concentrations of each constituent sep-
arately as well as combined. The tables presented in the text
generally were calculated from the combined analyses for
each constituent (both total- and dissolved-concentration
data). The combined tables are presented, but the results are
qualified in the text by the results of the separate contin-
gency tables.

Because of the spatial biases in the data, the
contingency-table analysis may indicate significant differ-
ences that are due to local anomalies. A visual inspection of
the locations of the analyses that exceeded the standard was
made to determine whether the statistical differences were
due to local anomalies or to variations among the geohy-
drologic categories.
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Results

The discussion of the maps showing the locations of
wells with samples that exceeded the water-quality stand-
ards and the results of the contingency-table analysis are
presented in this section, in order by constituent. The word
“common” is used to describe situations in which approxi-
mately 10 percent or more of the data exceeded a water-
quality standard.

pH

Measurements of pH were made in the field as the
samples were collected or in the laboratory at the time of
analysis. The field measurements are considered more
reliable because ingassing and outgassing of carbon dioxide
during shipment and storage can produce large changes in
pH. Thus, only the field values are considered in this
discussion.

The SMCL for pH specifies that pH values should be
in the range 6.5 to 8.5. Figure 14 shows locations where
field pH was measured. A total of 133 of 961 wells had pH
values outside the 6.5 to 8.5 range. Samples from 96 wells
had pH values less than 6.5, and samples from 37 wells had
pH values greater than 8.5 (table 4). Most of the values
greater than 8.5 are from the western third of the study unit.
Values less than 6.5 are distributed throughout the study
unit.

Contingency tables were calculated for (1) the pH
values less than 6.5 (table 5) and (2) the pH values greater
than 8.5 (table 6). The contingency-table statistics indicate
that the proportion of pH values that were less than 6.5 was
significantly different among the geohydrologic categories
(null hypothesis rejected, attained significance level of
0.036 is less than 0.05). The deep Garber-Wellington
category had no pH values less than 6.5, which resulted in
the largest cell chi-square statistic (7.6). The cell chi-square
statistics for the other geohydrologic categories were
smaller (less than 2.0). The overall percentage of pH values
that were less than 6.5 was 10.0 percent. The available data
indicate that ground-water pH values less than the 6.5
commonly occur in most parts of the study unit except at
depths greater than 300 ft in the Garber Sandstone and
Wellington Formation.

The contingency-table statistics indicate that the pro-
portion of pH values that were greater than 8.5 was
significantly different among the geohydrologic categories
(null hypothesis rejected, attained significance level of less
than 0.001) (table 6). The deep Garber-Wellington and the
Vanoss categories had the largest percentage of pH values
greater than 8.5 and the largest cell chi-square statistics,
39.4 and 8.2. The cell chi-square statistics indicate that
these geohydrologic categories had the greatest deviation
between the observed value and the expected value. The
percentage of analyses in the deep Garber-Wellington and
Vanoss categories that had pH values greater than 8.5 was

17.1 and 10.0, respectively, compared with 5 percent or
less for all other geohydrologic categories. The available
data indicate that ground water with pH greater than 8.5 is
common at depths greater than 300 ft in the Garber
Sandstone and Wellington Formation and in the Vanoss
Formation.

Sulfate

The SMCL for sulfate is 250 mg/L. The SMCL was
exceeded in 117 of 1,180 wells and 5 of 122 distribution
systems (table 4). Figure 15 shows locations where sulfate
was analyzed and where sulfate concentrations exceeded
the SMCL.

All agencies reported sulfate as a dissolved constitu-
ent; therefore, there is only one contingency table (table 7)
for sulfate. The contingency-table statistics indicate that the
proportion of analyses that exceeded the SMCL was signif-
icantly different among the geohydrologic categories (null
hypothesis rejected, attained significance level of less than
0.001). The Hennessey and El Reno categories had the
largest cell chi-square statistics (14.6 and 13.7), which was
caused by more analyses that exceeded the SMCL than the
expected values. Further investigation revealed that most of
the large sulfate concentrations in the El Reno Group
occurred in a small area in the west-central part of the study
unit, near the North Canadian River. These large sulfate
concentrations appear to be a local anomaly and probably
are not representative of the El Reno Group.

Overall, the percentage of analyses that exceeded the
SMCL was 9.6. The Hennessey category had the largest
percentage of analyses that exceeded the SMCL, 24.2
percent. The available analyses indicate that ground-water
concentrations of sulfate greater than the 250-mg/L SMCL
commonly occur in most parts of the study unit and occur
most commonly in ground water from the Hennessey
Group. :

Chloride

The SMCL for chloride is 250 mg/L.. The SMCL was
exceeded in 50 of 711 wells and 3 of 124 distribution
systems (table 4). Figure 16 shows locations where chloride
was analyzed and where chloride concentrations exceeded
the SMCL. There are few definite areal trends for occur-
rence of chloride in excess of 250 mg/L. The chloride
concentrations that exceeded the SMCL in central Cleve-
land County are from test holes that were drilled until they
encountered saltwater.

The contingency-table statistics for chloride (table 8)
indicate that the proportion of analyses that exceeded the
SMCL is the same among the geohydrologic categories
(null hypothesis accepted, attained significance level of
0.782 is greater than 0.05). The overall percentage of
analyses that exceeded the SMCL was 6.9. The available
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